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SECTION 1 

INTRODUCTION 

This  2s the  second qua r t e r ly  progress r epor t  under JPL Contract 952255. 

It i s  a 20-month program t o  design and develop low-power, high- 

e f f i c i ency  thermionic converters  of c y l i n d r i c a l  geometry. The con- 

v e r t e r s  w i l l  be capable of being in tegra ted  t o  form a modular power 

supply. The c e n t r a l  philosophy of t h i s  approach is  t o  increase the 

r e l i a b i l i t y  of thermionic space power suppl ies  by redundancy of the bas ic  

component. 

Seven conver te rs  and a bombardment hea te r  u n i t  a r e  de l iverable  items 

per the con t r ac t  Statement of Work. The converter  development i s  t o  

proceed i n  an i t e r a t i v e  fashion whereby each converter  design i s  

reviewed sepa ra t e ly  and approved by J P L  before f ab r i ca t ion .  Subsequent 

performance da ta  a r e  reviewed sepa ra t e ly ,  and w i l l  formulate the bas i s  

f o r  redesign.  
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SECTION 2 

CONVERTER SC-2 

2 . 1  DESIGN AND FABRICATION 

Converter SC-2 has the same design parameters a s  SC-1; i . e . ,  a power 

dens i ty  of 4 watts/cm2 a t  0.7V a t  an e m i t t e r  temperature of 140OOC. 

The refinements of SC-2 which were predicated upon the  performance of 

SC-1 have been discussed i n  d e t a i l  i n  EOS Report 4018-4-1. The f a b r i -  

ca t ion  procedures followed on SC-2 were the same a s  those reported 

f o r  SC-1. 

2.2 PERFORMANCE TEST 

Converter SC-2 i s  cu r ren t ly  on t e s t .  Resul ts  have been obtained a t  

emi t t e r  temperatures of 1 3 O O 0 C ,  14OO0C, and 1500OC. 

Figure 1 i s  a cur ren t  opt imizat ion curve a t  a constant  vo l tage  of 0.2V, 

an emi t t e r  temperature of 1 3 O O 0 C ,  and a c o l l e c t o r  temperature of 73OoC. 

The optimum cesium rese rvo i r  temperature i s  298OC a t  a cur ren t  of 

47.8 amps. 

Figure 2 is a cur ren t  opt imizat ion curve a t  a constant  vol tage of 0.4V 

a t  an e m i t t e r  temperature of 130OoC and a c o l l e c t o r  temperature of 648'C. 

The optimum cesium rese rvo i r  temperature i s  272OC a t  a cu r ren t  of 

9 . 9  amps. 

I n  Fig. 3,  a t  a constant  vol tage of *0.6V the optimum cesium rese rvo i r  

temperature i s  254'C with a cur ren t  of 1.34 amps. 

t u re  w a s  130OoC and the  c o l l e c t o r  w a s  63OoC. 

The emi t t e r  tempera- 
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Figure 1. Current Optimization P l o t  For SC-2 Taken a t  
TE = 13OO0C,  TC = 73OoC and a Constant Voltage 
of  0.2 Vol t s  
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Figure 2 .  Current Optimization P l o t  For SC-2 Taken a t  TE = 1300 C ,  

TC = 648OC and a Constant Voltage of 0.4 Volts  
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Figure 3 .  Current Optimization P l o t  For SC-2 Taken at TE = 13OO0C, 
TC = 63OoC and a Constant Voltage of 0.6 Volts 
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Figure 4 i s  a performance p l o t  f o r  SC-2 a t  an emi t t e r  temperature of 

1300'. The data a t  vol tages  above 0.5V a r e  not  t r u l y  optimum because 

i t  was impossible t o  o b t a i n  the  high c o l l e c t o r  temperatures required.  

The device w a s  designed and b u i l t  t o  operate  a t  1400'C with a cu r ren t  

of 45 amps. 

A t  an e m i t t e r  temperature of 1400'C opt imizat ions were performed a t  

0.4V and 0.5V. I n  Fig.  5 ,  a t  0.4V the optimum cesium r e s e r v o i r  tem- 

perature  w a s  found t o  be 299'C with a cu r ren t  of 44.8 amps. 

c o l l e c t o r  temperature was 73OoC. 

The 

A t  a constant  vo l tage  of 0.5V, the cesium r e s e r v o i r  temperature was 

found t o  be 294'C with a cur ren t  of  33.9 amps as shown i n  Fig. 6.  

Figure 7 i s  a performance p lo t  f o r  SC-2 a t  an emi t t e r  temperature of  

1400'C. 

A s  shown i n  Fig.  7 ,  a t  0.5V, a cur ren t  of 34 amps w a s  obtained a t  

1400'C. The power dens i ty  i s  therefore  4.25 watts/cm2. 

I n  Figure 7 ,  da t a  a t  0 .3 ,  0 .4 ,  0 .5 ,  and 0.6V was taken under s teady 

s t a t e  D.C .  condi t ions .  After  t h i s  da ta  was taken, the emitter-envelope 

weld opened up. The f a i l u r e  appearedto be due t o  thermally induced 

s t r e s s e s  i n  the  envelope. The condi t ion w a s  aggravated by the bom- 

bardment of the  envelope by the gun sh ie lds  a s  i l l u s t r a t e d  i n  Fig. 9 

of EOS Report 4018-4-1. 

A f e a s i b i l i t y  weld was performed with the welding parameters used on 

the  device.  The r e s u l t i n g  c ross -sec t ion  of  the weld shown i n  the Appen- 

d i x  ind ica t e s  t h a t  the  weld w a s  r e l i a b l e  f o r  normal operat ing condi t ions .  

The device was cleaned with d i s t i l l e d  water and alcohol  by dr iv ing  the  

f l u i d s  through the  emitter-envelope leak and out  the  opened cesium 

r e s e r v o i r .  The envelope was then rewelded t o  the emi t t e r  and the  device 

was processed and loaded wi th  cesium i n  the  usual  manner. 

4018-4-2 6 



40 18-4- 2 

5211 

VOLTAGE, V (volts) 

Figure 4 .  Performance P l o t  For SC-2 a t  T = 13OO0C E 
7 



50 

48 

46 

44 

42 

- 
v) 

E 40 
0 

cl 

- 
38 

36 

34 

32 I I I I ’  1 

280 290 300 310 320 330 340 

Figure 5. Current Optimization P l o t  For SC-2 a t  TE = 1400°C 
and TC = 73OoC at  a Constant Voltage of 0.4 Volts  
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Figure 6. Current Optimization For SC-2 a t  TE = 1400°C and TC = 685OC 
a t  a Constant Voltage of 0.5 Volts  
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Figure 7 .  Performance P l o t  For SC-2 a t  TE = 1400°C 

4018-4-2 10 

112 



Upon t e s t i n g  the device it w a s  found t h a t  the 130OOC data could be 

reproduced. 

duce data due t o  apparent e m i t t e r - c o l l e c t o r  short ing.  

second welding created a c e r t a i n  misalignment of the emitter with 

respect  t o  c o l l e c t o r .  This manifested i t s e l f  as shor t s  a t  e levated 

temperatures. One method used i n  an attempt t o  r e a l i g n  the e m i t t e r  

was t o  take i t  t o  a high temperature (17OOOC). This operat ion per- 

mit ted reproduction of var ious 140OOC data. A t  150OOC the c r i t i c a l i t y  

of the temperature on shor t ing  allowed only A.C.  data t o  be taken. 

A t  140OOC and above, it w a s  extremely d i f f i c u l t  t o  repro- 

Apparently the 

Figure 8 i s  a current-vol tage A.C. sweep osci l lograph.  The e m i t t e r  

temperature w a s  15OO0C, the c o l l e c t o r  temperature was 768 C.  

cesium r e s e r v o i r  temperature was 323OC.  

performance p l o t ,  Fig.  9 ,  was generated. 

0 The 

From t h i s  information, the 

Figure 10 is  a current-voltage A.C. sweep osci l lograph a t  a cesium 

r e s e r v o i r  temperature of 305OC and a co l l ec to r  temperature of 733OC.  

The performance p l o t ,  Fig. 9 ,  shows the optimum data  from Fig.  10 a t  

0 . 3 5 V  and a cur ren t  of 56 amps. This i s  a power dens i ty  of 4 .9  watts 

per square centimeter.  The converter i s  on t e s t  a t  the present time, and 

attempts are being made t o  make fu r the r  improvements i n  the performance. 
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Figure 8. Oscil lograph from SC-2 a t  T = 150OOC and E 
0 TC = 768 C a t  TCS = 323'6. 

Scale: 0.1 vo l t s /d iv i s ion ,  20 amps/division. 
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Performance P l o t  For S C - 2  a t  TE = 150OOC 

u) 
c 
c 
0 
3 

m- 
Z 
Lu 

2 

Qc 
Lu 

? 
0 

Z 
Q 

c- 

a 
t- 
v) 
Z 
0 
U 

65 
60 
55 
50 
45  
4 0  
35 
3 0  
25 
20  
15 
10 

+ 

5 

i2lO 



4018- Q- 2 

Figure 10. Oscil lograph from SC-2 a t  TE = lSOO°C and 

TC = 733 C at TCS = 305 C. 

Scale: 0 .1  vo l t /d iv i s ion ,  20 amps/division. 
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APPENDIX 

Figure 11 is  a photomicrograph of a f e a s i b i l i t y  weld of a rhenium 

envelope t o  a c y l i n d r i c a l  rhenium emi t te r .  The magnification is  

150X.’ The penetrat ion of the weld i s  approximately 0.017 i n .  The 

small g r a i n  s i ze  provides good s t rength  and r e l i a b i l i t y .  

The w e l d  parameters were as follows: 

Filament cur ren t  = 1.75 (amperes) 

Accelerating vol tage = 150 (kV) 

B e a m  current  = 3 . 4  (mA) 

4-3.8-4-2 A- 1 
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Figure 11. Photomicrograph of Reenvelope - Reemitter 
Elec t ron  Beam Weld on F e a s i b i l i t y  Samples. 
Magnification - 150X. 
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